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Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29).
Horizontal coordinate information is referenced to either the North American Datum of 1927 (NAD 27) or the North American Datum of 1983 (NAD 83).
Introduction
Hurricane Matthew brought tropical moisture to parts of the Southeastern United States, including North Carolina and South Carolina, during October 7-9, 2016, resulting in heavy rainfall across the region ( fig. 1 ). The heavy rainfall across the Carolinas resulted in major flooding from the Albemarle-Chowan River Basin in northeastern North Carolina to the Little Pee Dee River Basin in northeastern South Carolina. Rainfall totals of 3 to 8 inches and 8 to more than 15 inches were widespread throughout the central and eastern regions of both States, respectively, ( fig. 1 ; Southeast Regional Climate Center, 2016). One U.S. Geological Survey (USGS) raingage at the Cape Fear River at William O. Huske Lock near Tarheel in Bladen County, North Carolina (USGS station 02105500), recorded 16.87 inches of rain for the period October 7-9, 2016 ( fig. 2 ). The National Weather Service reported that an observer affiliated with the Community Collaborative Rain, Hail, and Snow (CoCoRaHS) network reported 17.00 inches of rain on October 7-9 near Hope Mills in Cumberland County, North Carolina, while a second CoCoRaHS observer reported 18.38 inches of rain for the same period near Elizabethtown in Bladen County in North Carolina (Nicholas Petro, National Oceanic and Atmospheric Administration [NOAA] National Weather Service, written commun., November 9, 2016).
In South Carolina, rainfall totals in the Coastal Plain region for October 7-9, 2016, ranged from about 3 inches to as high as 17.22 inches near Dillion, South Carolina ( fig. 1 ; Hope Mizzell, South Carolina Department of Natural Resources, written commun., November 4, 2016) . For that same period, 16.9 inches of rain also was recorded on Edisto Island, S.C., which is located southwest of Charleston. Because of damages and losses that resulted from the high winds, storm surges, and flooding in South Carolina, the U.S. Department of Agriculture designated Beaufort, Cherokee, Jasper, and Union Counties as primary natural disaster areas (AgFax Media, 2016) .
By the end of October, the passage of Hurricane Matthew had resulted in 28 fatalities in North Carolina, of which 17 were associated with vehicles that were swept off flooded roadways (Stradling, 2016) . Five fatalities in South Carolina were attributed to flooding from Hurricane Matthew (M.C. Lamm, South Carolina Department of Natural Resources, written commun., November 15, 2016) . At the height of the event more than 600 roads had to be closed in North Carolina, including portions of Interstates 40 and 95, resulting in more than 2,100 required road repairs that included shoulder washouts and damage to drainage structures such as pipes, reinforced concrete box culverts, and bridges (Matthew Lauffer, N.C. Department of Transportation, written commun., November 30, 2016) . The N.C. Department of Environmental Quality, Division of Energy, Mineral and Land Resources, reported that 20 dams across southeastern North Carolina were breached or partially breached as a result of runoff from Hurricane Matthew (Shane Cook, N.C. Department of Environmental Quality, Division of Energy, Mineral and Land Resources, Dam Safety Program, written commun., December 16, 2016) . In South Carolina, 797 highway structures had to be closed during the event (721 roads and 76 bridges), including 167 roads that were reopened the same day they were closed (J. Feda, S.C. Department of Transportation, written commun., October 31, 2016). The S.C. Department of Health and Environmental Control reports that 25 dams in the State were breached as a result of the runoff from Hurricane Matthew (S.C. Department of Health and Environmental Control, 2016) .
In North Carolina, nearly 1.6 million customers lost power as a result of winds that downed trees and power lines (Nicholas Petro, NOAA National Weather Service, written variety of purposes, including providing information for flood forecasts and documenting flood extent and levels. Leading up to and during flooding, streamflow data are vital for flood warning, forecasting, and emergency management. The longterm, systematic streamflow data are used to assess risk and to mitigate flooding through flood-plain management and in the design or repair of infrastructure (for example, roads, bridges, reservoirs, and pipelines), houses, and buildings.
Purpose and Scope
The purpose of this report is to provide preliminary data documenting the peak streamflows and stages for rivers and streams in North Carolina and South Carolina that are part of the USGS Real-Time Data Network and that were impacted by the catastrophic flooding following the passage of Hurricane Matthew on October 7-9, 2016 (fig. 5 ). The 2016 peak streamflows are placed into context by ranking the October 2016 flood peaks with other annual flood peaks for the period of record at each streamgage as well as with historic floods that precede USGS systematic records. National Weather Service (NWS) flood stage information is also provided for sites where a NWS flood stage has been defined (table 1 at the end of the report). Carolina, 2015) . In South Carolina, Hurricane Matthew caused nearly $341 million in damage to public property, including about $100 million in damage to Stateowned roads (Wilks, 2016) .
The USGS computes and disseminates streamflow data collected at more than 9,900 streamgaging stations nationwide. In North and South Carolina, the USGS operates approximately 260 and 160 real-time streamgages, respectively, in cooperation with numerous local, State, and Federal agencies, monitoring gage height, streamflow, reservoir elevations, and tidal flow. Streamflow data collection serves a River basins from the 1:100,000-scale NHD Watershed Boundary Dataset Streams and Lakes from the 1:2,000,000-scale National Hydrography Dataset State boundaries from the U.S. Census Tiger-Line files Ecoregions from the U.S. Environmental Protection Agency 1:7,500,000-scale digital data (Omernik, 1987 (Omernik, , revised 2002 
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Study Area
The streamgage data (peak stage and streamflow) documented in this report are part of the USGS Real-Time Data Network for North Carolina and South Carolina, which have areas of 53,819 and 32,020 square miles, respectively. Both States are located on the South Atlantic slope adjacent to the Atlantic Ocean and are generally divided into three major physiographic provinces: Blue Ridge, Piedmont, and Coastal Plain (Cooke, 1936; fig. 5 ).
The Blue Ridge is a mountainous region of steep terrain with some stream gradients greater than 250 feet (ft) per mile (Bloxham, 1979) . Land-surface elevations range from 1,000 to more than 3,500 ft above sea level in South Carolina and more than 6,000 ft above sea level in North Carolina. The Piedmont is characterized by rolling hills, elongated ridges, and moderately deep to shallow valleys. Piedmont land-surface elevations range from about 1,000 ft above sea level at the Blue Ridge foothills to about 300 -400 ft above sea level at the Fall Line, which is the name given to the boundary between the Piedmont and Coastal Plain regions ( fig. 5 ).
About two-thirds of South Carolina is in the Coastal Plain region where bedrock is overlain by sediments that thicken from just a few feet near the Fall Line to about 3,800 ft near Hilton Head Island near the southernmost corner of the State (Badr and others, 2004) . The Coastal Plain in North Carolina comprises about one-third of the State's total area and is overlain by a sedimentary wedge that thickens from a featheredge at the Fall Line to more than 10,000 ft at Cape Hatteras at the Outer Banks (Giese and Mason, 1993; Winner and Coble, 1996) . At the Fall Line, a narrow, hilly region, known as the Sand Hills, is located where the Piedmont descends to the Coastal Plain (National Oceanic and Atmospheric Adminis tration, 2015b; fig. 5 ). The Sand Hills region is about 30 to 40 miles wide with elevations ranging from about 200 to more than 500 ft. The lower part of the Coastal Plain consists of low-elevation, flat plains with many swamps, marshes, dunes, barrier islands, and beaches, which typically are lower, flatter, and more poorly drained than the upper part of the Coastal Plain (Omernik, 1987) .
In both States, precipitation is principally delivered by storms that move inward from the Gulf of Mexico, the Caribbean Sea, and the Atlantic Ocean (U.S. Geological Survey, 1985) . Additionally, local and upwind land surfaces, as well as lakes and reservoirs, provide moisture to the atmosphere by evaporation. In a normal year, monthly precipitation is highest in the winter, reaching a maximum in early March and then decreasing sharply in April and May. Fall is typically a dry season (except in rare instances when tropical storms or hurricanes occur) with minimal statewide precipitation during October and November.
Annual rainfall in South Carolina averages as much as 80 inches in the highest elevations of the Blue Ridge to less than 45 inches in parts of the upper portion of the Coastal Plain and Sand Hills regions (National Oceanic and Atmospheric Administration, 2015b). In general, the Blue Ridge region receives an average of about 56 inches or more of annual rainfall, the upper portion of the Piedmont about 47 to 55 inches, the lower portion of the Piedmont about 45 to 48 inches, the upper portion of the Coastal Plain about 44 to 49 inches, and the lower portion of the Coastal Plain about 46 to 53 inches.
In the Blue Ridge of North Carolina, the annual average precipitation ranges from more than 90 inches in the southwestern part of the State (the rainiest region in the Eastern United States) to only 37 inches just less than 50 miles to the north in the valley of the French Broad River (National Oceanic and Atmospheric Administration, 2015a). The average annual precipitation in the Piedmont ranges from about 40 inches in the west to about 50 inches in the east in the vicinity of the Fall Line (State Climate Office of North Carolina, 2016a). Average annual precipitation in the Coastal Plain generally ranges from 50 to 55 inches, with higher values near 60 inches that have been attributed to past tropical storms that have affected parts of the southern coastal region of North Carolina.
General Weather Conditions and Precipitation Causing the October 2016 Flooding
Hurricane Matthew began as a tropical wave off the coast of Africa in late September 2016, identified by forecasters as Invest 97L just southwest of the Cape Verde Islands on September 25 (State Climate Office of North Carolina, 2016b; The Weather Channel, 2016). The system was named Tropical Storm Matthew on September 28 as it moved westward across the Atlantic Ocean just north of the coast of South America. The tropical system strengthened to hurricane status on September 29 and reached its peak intensity with maximum sustained winds of 161 miles per hour on October 1 as a Category 5 storm on the Saffir-Simpson scale (State Climate Office of North Carolina, 2016d). The storm made a hard right turn near the border between Columbia and Venezuela under the steering influence of a high-pressure ridge near Bermuda and began a northward track that would take it through the Caribbean and the Bahamas and eventually toward the Southeastern United States (State Climate Office of North Carolina, 2016d; fig. 6 ).
Along its northward track, Hurricane Matthew maintained Category 4 strength through the Caribbean Sea, making landfall in eastern Cuba and western Haiti on October 4 (State Climate Office of North Carolina, 2016b). After moving through the Bahamas on October 5-6 at Category 3 and 4 strength, the hurricane skirted the coasts of Florida and Georgia on October 7 as a Category 3 and 2 storm, bringing heavy storm surge and high winds into the coastal regions. Hurricane Matthew officially made landfall as a Category 1 storm southeast of McClellanville, South Carolina, in the early morning hours of October 8 (State Climate Office of North Carolina, 2016b; fig. 6 ).
Forecast tracks in early October suggested a landfall near the North Carolina/South Carolina border followed by a path through the Coastal Plain of North Carolina. But just several days prior to anticipated landfall, a stationary front located off the east coast led forecasters to believe the storm would make another hard right turn toward the east off the northern South Carolina coast followed by a loop back toward the Bahamas. The front moved back inland, however, allowing Hurricane Matthew to come further north toward North Carolina before making the anticipated turn (State Climate Office of North Carolina, 2016d). The hurricane moved toward the north and east just off the southern North Carolina coast, bringing hurricane force winds to parts of the southern Outer Banks before heading out to sea on October 9 ( fig. 6 ). Large storm systems making sharp turns along their pathways may slow down in forward speed, which is regarded as a primary factor in what resulted in the heavy precipitation over eastern parts of both North Carolina and South Carolina for almost 2 days (Mike Moneypenny, National Weather Service, oral commun., October 27, 2016).
The heavy rainfall across both States during October 7-9 resulted in all-time record 1-day amounts for a number of locations across the region with periods of climatic record ranging from 18 to 146 years (commonly 50+ years) (Nicholas Petro, NOAA National Weather Service, written commun., November 9, 2016). The 1-day records were set in four locations in North Carolina and at least two locations in South Carolina, with records exceeding 100 years at two locations: Dillon, South Carolina (17.22 inches, surpassing 7.65 inches previously set on September 5, 1979; records back to 1904) and Tarboro, North Carolina (9.50 inches, tying previous record set on October 25, 1872; records back to 1870). Other notable rainfall totals in North Carolina included areas where some of the worst flooding in recorded history occurred during the October 2016 event: Fayetteville (14.00 inches, surpassing 5.13 inches previously set just 10 days prior on September 29, 2016; records traced back to 1910) and Lumberton (12.53 inches, surpassing 7.62 inches set on September 15, 1999; records back to 1948) . The other two locations where all-time 1-day rainfall records were set were Raleigh, North Carolina (6.45 inches), and Florence, South Carolina (11.74 inches). In addition to the 1-day record rainfall in Dillon, South Carolina, a total of 16.9 inches of rain also was recorded on Edisto Island, South Carolina, which is located southwest of Charleston, (Hope Mizzell, South Carolina Department of Natural Resources, written commun., November 4, 2016) .
In addition to locations where 1-day records were set, there were also seven locations in North Carolina and one location in South Carolina where all-time 2-day rainfall records were set during the event. These locations included Wilson (9.22 inches), Elizabeth City (8.22 inches), Edenton (8.50 inches), Plymouth (9.10 inches), Williamston (9.07 inches), Washington (8.00 inches), and Greenville (9.07 inches) in North Carolina and North Myrtle Beach (8.90 inches) in South Carolina. Although rainfall records were set during the passage of Hurricane Matthew through the central and eastern Carolinas, rainfall rates reached levels representing return periods exceeding 200 years. At the USGS raingage at Cape Fear River at William O. Huske Lock near Tarheel in Bladen County, North Carolina (USGS station 02105500), a total of 16.87 inches was recorded during October 7-9 ( fig. 2 ). Because rainfall data at this site are recorded using a 15-minute interval, the record can be used to compute running totals for varying time increments as each interval is recorded. At the USGS raingage near Tarheel, the observed maximum total rainfall during October 7-9 was computed for the following time increments: 2 hours (5.32 inches), 3 hours (7.06 inches), 6 hours (10.61 inches), 12 hours (15.06), and 24 hours (16.50 inches), all of which were observed on October 8 ( fig. 2) . On the basis of the NOAA rainfall-frequency statistics developed for this location, these maximum rainfall totals correspond to intensities with return periods at or exceeding 200 years: 2 hours (at 200 years), 3 hours (between 500 and 1,000 years), 6 hours (>1,000 years), 12 hours (>1,000 years), and 24 hours (>1,000 years) (National Oceanic and Atmospheric Administration, 2014). These rainfall totals are consistent with information received from the National Weather Service indicating that rainfall for 3-hour time increments during the storm corresponded to intensities with return periods exceeding 200 years as the heaviest rainfall moved through North Carolina along and adjacent to the Interstate 95 corridor (Mike Moneypenny, National Weather Service, written commun., December 1, 2016).
Methods Used to Collect Streamflow Data
In this report, streamgage data refer to both stage or gage height (in feet) and volumetric streamflow rates (in cubic feet per second). These data were collected systematically at continuous record streamgaging stations or determined from field measurements of stage in cases where the gage structure or equipment was damaged by flood waters.
U.S. Geological Survey streamgages operate autonomously by collecting data at regular time intervals (typically either 5 or 15 minutes) depending on watershed size and "flashiness" of the stream (that is, how quickly streamflow levels respond to rainfall). Typically, streamgages automatically record stage data. The stage data are collected using a variety of methods (float and tape, submersible pressure transducer, non-submersible pressure transducer, or non-contact radar). More information about how USGS streamgages operate is available in Lurry (2011). Although stage data are important, streamflow data are often more important for such purposes as streamflow forecasting for flood warning, water-quality loading, flood-frequency analysis, and flood-mitigation planning. Computation of streamflow at a streamgaging station requires periodic measurements of streamflow over a range of stage. The relation defined between stage and measured streamflow is used to convert the stage data to streamflow data. Physical observations of stream velocity and stream depth are made onsite by USGS personnel ( fig. 7 ) to determine nearinstantaneous streamflow (Turnipseed and Sauer, 2010) . In most cases, the relation is a simple stage-streamflow relation or rating curve. After construction of the rating curve, continued periodic measurements of streamflow are required at various stages to verify or support changes to a station rating curve ( fig. 8 ). From October 9 to 14, 2016, USGS personnel made 76 streamflow measurements at 46 sites in North Carolina and 26 streamflow measurements at 14 sites in South Carolina to verify, update, or extend existing rating curves.
In some cases, direct measurements of streamflow during a flood are not possible or are impractical. In those instances, indirect measurement methods can be used (Benson and Dalrymple, 1967) , whereby water-surface profiles determined by high-water marks and roughness and geometry of the channel and flood plains are used in hydraulic equations based on the principles of conservation of energy, conservation of momentum, and continuity to compute the peak streamflow for that particular flood. The high-water marks and channel geometry are determined by field survey. Roughness is subjectively determined on the basis of bed material, cross-section irregularities, depth of flow, vegetation, and channel alignment. The USGS assigns uncertainty/accuracy estimates to each indirect measurement on the basis of the hydraulic and geometric conditions found at each field site (Benson and Dalrymple, 1967; Dalrymple and Benson, 1967; Hulsing, 1967; Matthai, 1967; Bodhaine, 1968) . In other cases, high-water marks are documented for the purpose of recording the elevation of the flood peak ( fig. 9 ). 
Peak Streamflow and Stage
Peak streamflow and stage data collected during the October 2016 flood for 139 streamgages (127 in North Carolina and 12 in South Carolina) are listed in table 1 (at the end of the report); site locations are shown in figure 5 . The streamgages listed in table 1 were selected because (1) both peak stage and (or) peak streamflow for the October 2016 flood event were monitored at the site, and (2) historic streamflow and (or) stage data were available for comparison. A subset of 23 of the 127 streamgages in North Carolina have stage-only records, leaving 104 streamgages where both stage and streamflow were monitored during the flood. For South Carolina, only streamgages for which the peak was ranked in the top 10 for the period of record were included. Feaster and others (2015) In addition to the 26 streamgaging stations that had new peaks of record, 44 streamgages recorded new peaks that ranked in the top 5 for the period of record. For streamgaging stations with at least 30 years of record, 27 streamgages recorded peaks that ranked in the top 5 for the period of record.
Among the 23 streamgages in North Carolina with stage-only records, 5 recorded new peak stages. Two of those five sites had at least 30-year periods of record. At Neuse River at Smithfield (USGS station 02087570), the peak stage during the October 2016 flood (29.09 ft; table 1) exceeded the previous record stage set in September 1999, the highest since the 1984 water year 2 when regulated flow from Falls Lake began. Inspection of the annual peak stages in the peak-flow record, however, indicate the stage recorded in the October 2016 flood may be the highest since August 1908. Similarly, at the Cape Fear River at Fayetteville (USGS station 02104000), the peak stage during the October 2016 flood (58.94 ft; table 1) exceeded the previous record stage set in September 1996, the highest since the 1982 water year when regulated flow from B. Everett Jordan Lake began. Inspection of the annual peak stages in the peak-flow record, however, indicate the stage recorded at this streamgage in the October 2016 flood may be the highest since a peak stage of 68.8 ft was recorded in September 1945 and the fourth highest since a peak stage of 58.5 ft was recorded in May 1901. 2 The annual period from October 1 through September 30, designated by the year in which the period ends.
Comparison of the October 2016 Flood to Past Floods
In the Yadkin-Pee Dee River Basin, a new period of record peak occurred on October 12, 2016, for USGS station 02135000, Little Pee Dee River at Galivants Ferry, SC, with a peak stage of 17.1 ft and corresponding peak streamflow of 59,100 cubic feet per second (ft 3 /s) (table 1). This was the largest peak streamflow for the record that began in 1942 with the previous maximum streamflow of 27,600 ft 3 /s occurring on October 9, 1964. On the basis of a historic flood mark, the October 2016 flood is likely the largest since at least 1928.
Annual peak stage and streamflow data have been collected at USGS station 02110500, Waccamaw River near Longs, SC, in the Yadkin-Pee Dee River Basin since 1951. For the 2016 flood, the peak occurred on October 14 and was the second largest peak in 66 years (table 1). The maximum peak of record occurred on September 22, 1999, and was associated with rainfall from Hurricane Floyd.
New records during October 2016 at 7 of the 10 streamgages in North Carolina with long-term periods of record exceeded records previously set in two historical flood events within the past 20 years: Hurricane Fran in 1996 and Hurricane Floyd in 1999. The previous records occurred partly because of the tracks each of these storms took across the State. The track taken by Hurricane Fran was further inland over the eastern Piedmont than the track taken by Hurricane Floyd, which crossed over the Coastal Plain. As such, the previous records at the three streamgages on the Cape Fear River downstream from Jordan Lake were set in 1996, whereas previous records at the two streamgages on the Neuse River near Goldsboro and at Kinston (downstream from Falls Lake) were set in 1999. Flow releases from Falls Lake and B. Everett Jordan Lake in the Neuse and Cape Fear River Basins, respectively, were managed during the days immediately following the storm passage to allow flooding from the intervening basins downstream to subside before lake releases were increased. The management of the Falls Lake elevation and flow releases from the dam are shown in figures 12 and 13 along with the stage and streamflow hydrographs for the six downstream The peak stage and streamflow at the Clayton streamgage (USGS station 02087500) were observed at 20.48 ft and 20,200 ft 3 /s, respectively, on October 9 (figs. 12 and 13). These peaks were the second highest in the period of regulated record since the 1984 water year, behind the peak records set in 1999 during the flood from Hurricane Floyd. Farther downstream, the peak stage and streamflows at the Goldsboro and Kinston streamgages were new records for the period since 1984, superseding the peak records set in 1999. At the Goldsboro streamgage (USGS station 02089000), the new record peak stage and streamflow were set at 29.74 ft and 52,600 ft 3 /s, respectively, on October 12 (figs. 12 and 13).
At the Kinston streamgage (USGS station 02089500), the new record peak stage and streamflow were set at 28.31 ft and 38,200 ft 3 /s, respectively, on October 14 (figs. 12 and 13). Of note, the peak streamflow at Kinston was substantially less than the peak observed upstream at Goldsboro and likely is indicative of storage within the intervening drainage basin (analogous to a detention pond) between the two streamgages.
When flow releases from Falls Lake were increased to about 4,000 ft 3 /s on October 21 to lower the lake level in the flood storage pool, secondary but much smaller peak streamflows began to move downstream through the Neuse River ( fig. 12) . However, at all six Neuse River streamgages downstream from Falls Lake, the observed stages during the flow releases on October 21-31 remained below the NWS flood stages, where defined ( fig. 12 ). Flood releases from the reservoir were intentionally delayed longer than normal and also were not as high as allowed under the water control plan due to the record flooding that had just occurred downstream in the river reaches near Goldsboro and Kinston (Michael A. Young, U.S. Army Corps of Engineers Wilmington District, written commun., December 5, 2016).
The stage increases at the Clayton streamgage from the flow releases were substantially less than the observed flood peak, which occurred almost 2 weeks prior. Figure 12 also confirms that the effects of regulated flow were less pronounced at the Goldsboro, Kinston, and Fort Barnwell streamgages where the stage increases after the start of releases were substantially attenuated in the downstream direction. The streamflow levels at the downstream-most streamgage at Fort Barnwell finally began to recede on November 7, almost a month after Hurricane Matthew began to cross into North Carolina ( fig. 12 ). The flooding from Hurricane Matthew was exacerbated by wet antecedent conditions. Monthly rainfall totals for September typically were 150 to 300 percent or more above normal across the Coastal Plain (State Climate Office of North Carolina, 2016c). At a streamgage with a small upstream basin on Flat Creek near Inverness, NC (USGS station 02102908), a new record peak stage and streamflow were set at 8.63 ft and 733 ft 3 /s, respectively, on October 8 ( fig. 10 ; table 1). The new record peaks supersede previous peaks set on September 6, 2008 , and are the highest in the 47-year systematic period of record (through the 2015 water year) since data collection began in 1968. On September 29 about 9 days prior to Hurricane Matthew's arrival, the streamflow peaked at 547 ft 3 /s following rainfall amounts of 7.94 inches from September 27 to 29 as recorded by an onsite raingage. At the end of September, the monthly total rainfall was 15.69 inches. The passage of Hurricane Matthew brought an additional 7.45 inches to the basin, which resulted in the new record peak streamflow on October 8.
The above-normal rainfall during late September also resulted in new record peak stage and streamflow observed on September 29 at a nearby streamgage on the Little River at Manchester, NC (USGS station 02103000; table 1). The peak stage and streamflow at 31.18 ft and 9,440 ft 3 /s on September 29 were the highest for the period of record, superseding the previous record set on September 19, 1945 (peak stage at 29.0 ft, peak discharge undetermined). But the passage of Hurricane Matthew resulted in yet another peak stage and streamflow for the period of record at 32.19 ft and 10,600 ft 3 /s recorded a little more than a week later on October 10 (table 1) .
The time of travel associated with a flood peak moving downstream in a large, unregulated river is depicted in figure 11 , which shows the peak stage and streamflow that occurred at upstream station 02106500 Black River near Tomahawk, NC. A new record peak stage of 27.92 ft and streamflow of 39,100 ft 3 /s for the period of record were set at the Tomahawk gage on October 10 (table 1), exceeding the previous record set in September 1999 following Hurricane Floyd. Historical peak streamflow records for this streamgage indicate that the October 2016 peak is the highest since at least 1928 (a period of 98 years).
Figure 11 also depicts the stage hydrograph for a downstream site on the Black River near Currie in Pender County, North Carolina (USGS station 02107544), that was temporarily established as a rapid deployment gage (RDG) to document peak stages resulting from Hurricane Matthew. The USGS uses RDGs to collect stage records at ungaged sites or when existing streamgages may be threatened by rising flood levels that could potentially inundate recording equipment. The RDG is designed as a portable "streamgage in a box" that can quickly be installed on a bridge or other structure crossing a stream. The peak stage recorded at the Currie RDG site occurred on October 14, which was 4 days after the record peaks occurred at the Tomahawk streamgage. Of note, the hydrograph for the Currie RDG site also indicates the return of tidal influences beginning on or about October 26 as the stage levels continued to recede following the flood ( fig. 11 ). The Currie RDG site was installed at the request of the National Weather Service and Pender County Emergency Management when it became apparent that flooding along the Black River was likely to exceed the peak set by Hurricane Floyd. During the October 2016 flood, a total of 13 RDGs were quickly installed across eastern North Carolina, and the sites were monitored to collect additional stage records during the event (http://waterdata.usgs.gov/nc/nwis/current/?type=tide, accessed November 16, 2016).
In the Lumber River Basin, new period of record peak stage and streamflow values occurred on October 11, 2016, at station 02134500 Lumber River at Boardman, NC. The new record peak stage was 14.43 ft with a corresponding record peak streamflow of 38,200 ft 3 /s (table 1) . This new record peak streamflow is the largest for the systematic period of record dating back to the 1930 water year and is almost three times the previous maximum streamflow of 13,400 ft 3 /s that occurred on September 24, 1945. Further, on the basis of historical information, the October 2016 peak was the highest since July 1901, which at the time was considered the highest since 1896 (a period of 121 years).
For a historical perspective on the floods caused by the heavy rainfall during October 7-9, 2016, chronologies of major floods in North Carolina and South Carolina since 1876 and 1893, respectively, are presented in tables 2 and 3 at the end of the report (U.S. Geological Survey, 1985).
Summary
Hurricane Matthew brought heavy rainfall across central and eastern parts of North Carolina and South Carolina during October 7-9, 2016. Rainfall totals ranging from 3 to more than 15 inches were widespread in these regions of both States, resulting in major flooding. One U.S. Geological Survey From October 9 to 14, USGS personnel made 76 stream flow measurements at 46 sites in North Carolina and 26 stream flow measurements at 14 sites in South Carolina to verify, update, or extend existing rating curves, which are used to determine peak streamflows. Peak streamflow and stage data, collected by the USGS, are documented in this report. Twenty-three of 104 streamgages in North Carolina and 3 of 12 streamgages in South Carolina had new peaks of record for streamflow. An additional 44 streamgages recorded new peaks that ranked in the top 5 for the period of record. Of the 67 stations with long-term records of 30 or more years, 11 had new peaks of record, and 27 recorded peaks that ranked in the top 5 for the period of record. Among the 23 streamgages in North Carolina with stage-only records, 5 recorded new peak stages, with 2 of the 5 sites having at least 30-year periods of record.
In South Carolina, 2 of the 12 streamgages monitored during the flood have periods of record of 30 years or more. A new period of record peak occurred on October 12 at Little Pee Dee River at Galivants Ferry, SC, not only the largest peak streamflow for the record that began in 1942, but also the largest flood since at least 1928 based on a historic flood mark. The second largest peak in 66 years of record was set on October 14 at Waccamaw River near Longs, SC, superseding the previous maximum peak of record that occurred in 1999 following the passage of Hurricane Floyd.
Among the 10 streamgages in North Carolina with longterm periods of record where new record peak streamflows were set during the October 2016 flood, the new records at 7 of the 10 sites exceeded records previously set following Hurricane Fran in 1996 and Hurricane Floyd in 1999. Flow releases from Falls Lake and B. Everett Jordan Lake in the Neuse and Cape Fear River Basins, respectively, were managed during the days immediately following the storm passage to allow flooding from the intervening basins downstream to subside before the releases were increased. The flooding from Hurricane Matthew was exacerbated by wet antecedent conditions as evidenced by September rainfall totals from 150 to more than 300 percent or more above normal at many locations across the Coastal Plain. Additional rainfall from Hurricane Matthew in early October thus resulted in new record or near-record peaks twice within a 2-week period at Flat Creek near Inverness, NC, and Little River near Manchester, NC.
A new record peak stage and streamflow were set on October 10 at Black River near Tomahawk, NC, exceeding the previous record set in September 1999 following Hurricane Floyd. Historical peak streamflow records for this streamgage indicate that the October 2016 peak was the highest since at least 1928 (a period of 98 years). A new period of record peak stage and streamflow occurred on October 11 at Lumber River at Boardman, NC, the largest for the systematic period of record dating back to the 1930 water year and almost three times the previous maximum streamflow that occurred in 1945. Historical streamflow peaks for this streamgage indicate that the October 2016 peak is the highest since the historic peak of July 1901, which at the time was considered the highest since 1896 (a period of 121 years). -1965-92, 1994, 1996-97, 1999-2015 3/50 10/9/2016 38.42 5,880 -Maximum peak flow for period of record not determined 9/6/1996 13.68 n/a n/a n/a 10/9/2016 13.05 n/a -Stage-only records available for site 9/7/1996 391.11 n/a n/a n/a 10/ 1983-97, 1999, 2002, 2004-09, 2011-15 
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